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Description
BACKGROUND OF THE INVENTION

This invention relates to a superconductor, more
particularly to a compound film superconductor.

A-15 type binary (two-element) compounds such
as niobium nitride (NbN) and niobium germanide
(NbzGe) had been known as high Tc superconduc-
tors, but the superconducting transition temperature
of these materials was only about 24K at highest. Per-
ovskite type ternary (three-element) compounds
have been expected to show higher transition temper-
atures, and a Ba-La-Cu-O high-Tc-superconductor
has been proposed (J. B. Bendorz and K. A. Muller,
Zeitschrift fir Physik B - Condensed Matter, 64, 189-
193, 1986).

Recently it was reported that Y-Ba-Cu-O type
compounds could form superconductors with even
higher transition temperatures than those of prior
ones (M. K. Wu et al, Physical Review Letters, Vol. 58,
No. 9, 908-910, 1987).

The superconducting mechanism of the Y-Ba-
Cu-0 type materials is not yet definitely known, but
there is a possibility that these materials could have
respectively transition temperatures higher than the
temperature of liquid nitrogen and it is expected that
such compounds would show more useful properties
than the conventional binary compounds as high-Tc-
superconductors.

More recently, as superconductive materials with
higher transition temperatures, Bi-Sr-Ca-Cu-O sys-
tem (H. Maeda et al, Japanese Journal of Applied
Physics, 27, 1988, L209) and Tl-Ba-Ca-Cu-O sys-
tems (Z. Z. Sheng et al, Nature, 332, 1988, L139)
have been discovered, both of which have transition
temperatures higher than 120 K.

However, with the present technical level, these
oxide superconductive materials can only be pro-
duced by a sintering process, so that these supercon-
ductive materials are available only in the form of
powders or blocks of ceramics. In the practical appli-
cations of these types of materials, it is strongly de-
sired that they are made into a film or wire. It has
been, however, very difficult with the conventional
technigue to obtain a desired film or wire from these
materials because of the poor reproducibility and a
lack of reliability of their superconductive properties
when they are made into a film or wire.

The present inventors found that it is possible to
form from these materials a high Tc superconductor
film retaining well the characteristics of these materi-
als by using film producing techniques such as sput-
tering and adding a novel concept to the interface
structure of the superconductor film. Based on this
finding and by further incorporating unique ideas in
the film substrate, the present inventors have suc-
ceeded in creating a novel superconducting film
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structure.
SUMMARY OF THE INVENTION

The superconductor according to this invention
comprises an oxide film deposited on a metal film
formed on a substrate, these oxide containing A, B
and Cu and being a ternary (three-element) or qua-
ternary (four-element) compound having an elemen-
tal ratio satisfying the following relation:

A+B
05= o =25

wherein Ais at least one element selected from Tl, Bi,
Pb, Sc, Y and lanthanum series elements (atomic
number: 57 - 71), and B is at least one element select-
ed from Ba, Sr, Ca, Be, Mg and Group lla elements,
said metal film being made of a material containing at
least one transition metal element selected from Pt,
Au, Ag, Pd, Ni and Ti, with the exception of a super-
conductor layer comprising a BiSrCaCuO or a TICa-
BaCuO oxide film deposited on a metal film formed
on a substrate.

The superconductor of this invention is essential-
ly characterized in that a superconductive film is
formed on a metal buffer film. The superconductive
film is produced from the sputtering target which is
made by breaking down its bare material into very
fine powder and depositing such powdery targeton a
substrate, so that the composition of the formed su-
perconductor film is essentially homogeneous as
compared with the conventional sintered materials.
Also, the superconductive film is homogeneously de-
posited and it becomes dense and flat on a metal film.
Therefore, the present invention can not only realize
an extraordinarily high quality superconductor but
also increase the potential number of usable sub-
strates, making it possible to obtain a film structure
suitable for realizing various type of superconductor
devices using superconductive films.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a sectional view showing the structure
of a substrate for a superconductor as an embodi-
ment of this invention

FIG. 2 is a view showing the surface morphology
of this superconductor as observed by SEM photog-
raphy (10,000 magnifications).

FIG. 3 is a similar view to FIG. 1 of the supercon-
ductor surface when no Pt film was deposited.

FIG. 4 is a sectional view of a superconductor on
a glass-coated substrate.

FIG. 5 is a sectional view showing the structure
of a superconductor on an amorphous substrate.

FIG. 6 is a graph showing comparatively the cur-
rent density in a film formed directly on a sapphire
substrate and that in a film formed on a Pt-coated
substrate.
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DETAILED DESCRIPTION OF THE INVENTION

Referring to FIG. 1, a ternary or quarternary com-
pound film 13 is deposited, by sputtering for instance,
on a metal film 12 formed on the surface of a sub-
strate 11. Substrate 11 is designed to hold the super-
conductive compound film 13. This compound film 13
is formed usually at a high temperature on the order
of 700°C. When a ternary compound film was formed
directly on substrate 11 with no buffer layer of metal
film 12, the superconductive film gave a surface mor-
phology shown in FIG. 3, that is, it became a micro-
crystalline plate 20 and was in a state of being direct-
ed randomly. This film was small in superconducting
critical current, high in hygroscopicity because of high
vacancy rate, poor in reliability, with a roughened sur-
face and incapable of micro-fabrication such as pho-
toetching.

When the metal film 12 was formed at the inter-
face between substrate 11 and a film 13 of a ternary
compound such as YBaCuO, there was obtained a
smooth surface state as illustrated in FIG. 2. As noted
from the surface morphology, the film 13 was in a
dense state in its morphology and the critical current
density was improved approximately 10 times over
the film of FIG. 3. The results are represented graph-
ically in FIG. 6. The present inventors have also con-
firmed the enhancement of zero-resistance tempera-
ture from 73 K to 88 K and a significant improvement
of film quality. Thus, the intervension of metal film 12
has produced a remarkable effect for the improve-
ment of various superconductive properties, too.

As a result of studies on the materials of metal
film 12 shown in FIG. 1, the present inventors found
that Ni, Pd, Pt, Au, Ag and Ti were effective, Pt being
the best choice. However, no desired film could be
formed on a Mo, Ta or Cu surface.

Among the substrates mentioned above, there
are some on which it is difficult to form a metal film
by said sputtering. In such a case, a glass coating 14
is first formed on substrate 11 and then a metal film
12 is formed thereon, followed by deposition thereon
of a superconductive oxide film at a high temperature
of about 700°C as shown in FIG. 4. Quartz glass, high
silica glass, borosilica glass, soda-lime glass and
oxynitride glass could be effectively used for such
glass coating.

The present inventors also found that certain ma-
terials could be advantageously used for the sub-
strate 11 of FIG. 1 for obtaining its best performance.

A single crystal substrate is effective for forming
a highly crystalline ternary or quaternary oxide com-
pound film 13 on the surface of metal film 12 provided
on substrate 11. As a result of research on substrate
materials effective for forming a superconductor com-
prising a ternary oxide compound film, the presentin-
ventors confirmed that single crystals of magnesium
oxide (MgO), sapphire (a-Al,O3), spinel, strontium ti-
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tanate (SrTiOj3), silicon (8Si), silicon compounds, gal-
lium arsenide etc. are effective as substrate material.
This was quite a surprising revelation. The thickness
of metal film 12 is usually in the range of several to
several hundreds of nanometers (tens to thousands
of angstroms), so that it is inconceivable from con-
ventional knowledge that the ternary compound film
should be influenced by the crystallinity of the sub-
strate therebelow.

The crystalline structure and chemical composi-
tion of the A-B-Cu-O superconductor of this invention
are not yet definitely known, but the analyses show
that it has an oxygen-defected perovskite structure.
The present inventors confirmed that when the ele-
mental ratio in the produced film is in the range de-
fined by 0.5 = % = 5.0, a superconducting phe-
nomenon is observed in the film through there could
be slight differences in transition temperature.

In sputtering deposition, a sintered A-B-Cu-O
ceramic is used as target, but in case the substrate
temperature is 700°C, there is seen a tendency that
the produced film becomes deficient in Cu as com-
pared with the metal components of the target. The
present inventors confirmed, however, that this can
be overcome by adding about 50% excess amount of
Cu in the target. From the above, it was determined
that the target composition should be the one defined
by

A+B
0.3= Cu =17

which falls in the optimal compaositional range of the
film. If the target composition is in this range, desired
sputtering deposition can be accomplished not only
when the target is a plate-like, cylindrical or fiber-like
ceramic but also when it is in the form of sintered par-
ticles or powders. In the case where the target is in a
powdery form, the powder is placed in, for instance,
a stainless steel dish. In case of using a fiber-like sub-
strate, it is effective to employ glass fiber, carbon fib-
er or heat-resistant alloy fibers comprising niobium, ti-
tanium, tantalum, stainless steel.

The present inventors confirmed that when fabri-
cating this type of superconductor in a desired form,
for example, in a cylindrical form, it is more effective
to use as metal-coated substrate so-called sintered
chinaware than single crystals, and they also found
the most suitable chinaware materials. That is, the
present inventors confirmed that alumina, magnesia,
zirconia, steatite, forsterite, beryllia, spinel and the
like are best suited for use as metal-coated chinaware
substrate these materials are excellent in workability
and fitness to the substrate 11 of the superconductive
film 12. In this case, it suffices if at least the surface
of the substate is composed of said chinaware mate-
rial as in the case of single crystals.

As a result of more close examinations on effec-
tiveness of these crystalline substrates, the present
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inventors found that there is a preferred direction for
crystalline orientation of this type of crystalline sub-
strate. It was discovered that in case of using single
crystals of sapphire as substrate, it is possible to in-
tegrate the superconductive film of this invention in a
silicon device of an SOS (silicon on supphire) struc-
ture by heteroepitaxially growing a (100) Sifilm on the
R plane. The present inventors also confirmed that in
the case of C plane and a plane sapphire, the integra-
tion with an SOS silicone device is possible by hetero-
epitaxially growing a (111) Si film on the planes.

It was further confirmed by the present inventors
that in the case of a C plane sapphire single sub-
strate, it is possible to integrate a superconductor of
a laminar structure of this invention with a Group llI-
V semiconductor device by heteroepitaxially growing
a Group llI-V semiconductor film such as a (111)
GaAs film, (001) GaN film, (111) GaP film, on said
substrate. This indicates the practical applicability of
the superconductor of this invention for wiring of ultra-
high-speed GaAs devices. The present inventors also
confirmed that in the case of spinel single crystal sub-
state, it is possible to integrate the superconductor of
this invention with an Si or GaAs device in the same
way as in the case of sapphire single crystal substrate
by heteroepitaxially growing a (100) Si film or (111)
GaAs film on the substrate surface by using the (100)
plane spinel.

It was further ascertained that in the case of us-
ing a (110) plane spinel substrate, integration with an
Si or GaAs device is possible by effecting heteroepi-
taxial growth of a (110) Si film or (100) GaAs film on
the substrate surface. The presentinventors also dis-
closed that in the case of SrTiO; single crystal sub-
strate, the grown superconductor film is provided with
very excellent crystallinity when the (100) plane is
used as substrate.

Then, a superconductor film was formed on an
amorphous solid by using the buffer metal film.

Referring to FIG. 5, a compound film 13 is depos-
ited, by sputtering for instance, on a metal film 12
formed on the surface of an amorphous substrate 15.
In this case, substrate 15 serves for holding the su-
perconductive compound film 13. This film 13 is usu-
ally deposited at a high temperature of 700°C. When
the compound film was deposited directly on the
amorphous substrate 15 with no intervention of metal
film 12, the strong adhesion to the substrate was lost
and electric resistance increased excessively to de-
stroy the superconductive properties. When metal
film 12 was interposed between substrate 15 and
three-element compound film, the surface assumed
a dense state as shown in FIG. 2 and a good super-
conductive film 13 was obtained.

The present inventors also found that amorphous
substances such as quartz glass, pyrex, amorphous
silicon, are effective for the substrate 15 of FIG. 5.

For better understanding of the subject matter of
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this invention, it will be described more concretely be-
low by showing the embodiments.

Embodiments

By using sapphire single crystal R plane as sub-
strate 11 and a Pt plate as target, a Pt film 12 was de-
posited on the substrate by DC planer magnetron
sputtering as shown in FIG. 1. Deposition was carried
out at a sputtering power of 300 V x 30 mA by using
Ar gas pressurized to 8 Pa and maintaining the sub-
strate temperature at 250 - 500°C to form a 0.1 um
thick film. This Pt film was polycrystalline. On this Pt
film 12 was deposited a compound film 13 by high
frequency planer magnetron sputtering using sin-
tered ErBa,Cu, 503 as target. This sputtering depos-
ition of compound film 13 was carried out under Ar
gas pressure of 0.5 Pa at a sputtering power of 150
W for a period of one hour by maintaining the sub-
strate temperature at 700°C to form a 0.5 um thick
film.

This film showed a room-temperature resistance
of 600 Q and a superconducting transition tempera-
ture of 88 K.

Film formation on a glass coated substrate is de-
scribed below with reference to FIG. 4.

Used as substrate 11 was the silicon single crys-
tal (111) plane coated with heat-oxidized silicon to
forma 100 nm (1,000 A) thick glass coating 14. By us-
ing a Pt plate as target, a Pt film 12 was deposited on
said glass coating 14 by DC planer magnetron sput-
tering under the following conditions: Ar gas pressure:
8 Pa, sputtering power: 300 V x 30 mA, substrate tem-
perature: 250 - 500°C, film thickness: 0.1 um. This Pt
film had a polycrystal structure. On this Pt film 12
was deposited a three-element compound supercon-
ductive film 13 by high-frequency planer magnetron
sputtering using a sintered ErBa,Cu,-505 target. This
deposition was carried out under an Ar gas pressure
of 0.5 Pa at a sputtering power of 150 W for a period
of one hour by maintaining the substrate temperature
at 700°C to form a 0.5 pm thick film. The thus formed
superconductive film showed a room-temperature re-
sistance of 600 Q and a superconducting transition
temperature of 88 K.

Described below is another embodiment of the in-
vention in which a superconductive film was formed
on an amorphous substrate.

As shown in FIG. 5, a Pt film 12 was deposited
on a quartz glass substrate 15 by DC planer magne-
tron sputtering using a Pt plate target. Sputtering was
carried out in an 8 Pa argon gas at a sputtering power
of 300 V x 30 mA by maintaining the substrate tem-
perature at 250 - 600°C to form a 0.1 um thick film.
This Pt film was polycrystalline. On this Pt film was
deposited a compound film 13 by high-frequency pla-
ner magnetron sputtering with a sintered
ErBa,Cu,-50g target under the following conditions:
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Ar gas pressure: 0.5 Pa, sputtering power: 150 W,
sputtering time: 2 hours, substrate temperature:
700°C, film thickness: 0.5 pm.

The thus obtained superconductive film showed
a room-temperature resistance of 30 Q and a super-
conducting transition temperature of 90 K.

As described above, the superconductor accord-
ing to this invention is characterized in that a super-
conductive compound film is formed on a metal film
being made of a material containing at least one tran-
sition metal element selected from Pt, Au, Ag, Pd, Ni
and Ti. The superconductive compound film is formed
by first breaking down the base superconductive ma-
terial into a state of very fine particles, which is called
"atomic state", and depositing such particulate mate-
rial on a substrate, so that the composition of the
formed superconductor is essentially homogeneous
as compared with the conventional sintered products.
Thus, a superconductor of extraordinarily high quality
is realized by the present invention.

According to the present invention, as explained
above, it is possible to form a superconductive film
which is dense in its entire structure and also im-
proved in critical current density. Further, the super-
conductive film of this invention can be integrated
with various electronic devices such as Si and GaAs
devices and is also appliable as a key material for va-
rious types of superconductive devices such as Jo-
sephson elements. It is to be noted particularly that
there is a possibility that the transition temperature of
this type of compound superconductors could be re-
duced to room temperature. This invention, therefore,
can expand the scope of use of superconductors and
thus is of high industrial value.

The present invention can increase the types of
substrate usable for superconductors by incorporat-
ing a metal film and makes it possible to form on such
substrates a high quality superconductive film having
a high critical temperature and a high critical current
density. Thus, this invention greatly contributes to the
realization of various types of superconductive devic-
es.

Claims

1. A composite superconductor layer comprising an
oxide film (13) deposited on a metal film (12)
formed on a substrate (11), said oxide containing
A, B and Cu, in which the molar ratio of the ele-
ments is defined by

~A+B_
0.5= T 2.5,
wherein A is at least one element selected from
Tl, Bi, Pb, Sc, Y and lanthanum series elements
with atomic number of 57 - 71, and B is at least
one element selected from Ba, Sr, Ca, Be, Mg
and radium, said metal film being made of a ma-
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terial containing at least one transition metal ele-
ment selected from Pt, Au, Ag, Pd, Ni and Ti, with
the exception of a superconductor layer compris-
ing a BiSrCaCuO or a TICaBaCuO oxide film de-
posited on a metal film formed on a substrate.

2. A composite superconductor layer according to
Claim 1, wherein an additional metal film is
formed on said oxide film, or the oxide films and
metal films are laminated alternately to form a
multi-layer structure.

3. A composite superconductor layer according to
any one of Claims 1 to 2, wherein the surface of
said substrate (11) is coated with a glass film
(14).

4. A composite superconductor layer according to
Claim 3, using a substrate (11) coated with a
glass film (14) composed of at least one sub-
stance selected from quartz glass, high silica
glass, borosilicate glass, sodium-lime glass and
oxynitride glass.

5. A composite superconductor layer according to
any one of Claims 1 to 4, wherein the substrate
(11) is composed of at least one single crystal ma-
terial selected from MgO, sapphire (a-Al,O3),
spinel, SrTiQOs, silicon, silicon compounds, GaAs
and ferrite.

6. A composite superconductor layer according to
any one of Claims 1 to 4, wherein the substrate
(11) is composed of at least one chinaware mate-
rial selected from alumina, MgO, ZrO,, steatite,
forsterite, beryllium and spinel.

7. A composite superconductor layer according to
Claim 3, using a single crystal (100) plane or
(110) plane MgO substrate (11).

8. A composite superconductor layer according to
Claim 3 or 4, using a single crystal R plane sap-
phire substrate.

9. A composite superconductor layer according to
Claim 3 or 4, using a single crystal C plane sap-
phire substrate.

10. A composite superconductor layer according to
Claim 3 or 4, using a single crystal a plane sap-
phire substrate.

11. A composite superconductor layer according to
Claim 3 or 4, using a single crystal (111) plane

spinel substrate.

12. A composite superconductor layer according to
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Claim 3 or 4, using a single crystal (110) plane
spinel substrate.

A composite superconductor layer according to
Claim 3 or 4, using a single crystal (100) plane
spinel substrate.

A composite superconductor layer according to
Claim 3 or 4, using a single crystal (100) plane or
(110) plane strontium titanate substrate.

A composite superconductor layer according to
any one of Claims 1 to 4, using a fiber substrate.

A composite superconductor layer according to
Claim 15, wherein the fiber substrate is made of
glass fiber, carbon fiber or a heat-resistant metal
fiber such as the fiber of Nb, Ti, Ta or stainless
steel.

A composite superconductor layer according to
any one of Claims 1 to 4, using an amorphous sol-
id substrate (15).

Patentanspriiche

1.

Verbundschichtsupraleiter, umfassend einen
Oxidfilm (13), der auf einem auf einem Substrat
(11) gebildeten Metallfilm (12) abgeschieden ist,
wobei das Oxid A, B und Cu enthalt und das Mol-
verhéltnis der Elemente bestimmt ist durch
~A+B_
0,5 = T = 2,5,

wobei A zumindest ein aus der aus TI, Bi, Pb, Sc,
Y und Lantanidenelementen mit einer Ordnungs-
zahl im Bereich von 57 bis 71 bestehenden Grup-
pe ausgewdahltes Element istund B zumindest ein
aus der aus Ba, Sr, Ca, Be, Mg und Radium be-
stehenden Gruppe ausgewdhltes Element ist,
wobei der Metallfilm aus einem Material herge-
stellt ist, das zumindest ein aus der aus Pt, Au,
Ag, Pd, Ni und Ti bestehenden Gruppe ausge-
wihltes Ubergangsmetallelement enthalt, mit
Ausnahme einer Supraleiterschicht mit einem
BiSrCaCuO oder einem TICaBaCuO Oxidfilm,
der auf einem auf einem Substrat gebildeten Me-
tallfilm abgeschieden ist.

Verbundschichtsupraleiter nach Anspruch 1, bei
dem ein zusétzlicher Metallfilm auf dem Oxidfilm
gebildet ist oder die Oxidfilme und Metallfilme
zur Bildung einer mehrschichtigen Struktur ab-
wechselnd laminiert sind.

Verbundsupraleiter nach einem der Anspriiche 1
bis 2, bei dem die Oberflache des Substrats (11)
mit einem Glasfilm (14) beschichtet ist.
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10.

1.

12.

13.

14.

15.

16.

10

Verbundschichtsupraleiter nach Anspruch 3 ver-
wendend ein mit einem Glasfilm (14) beschichte-
tes Substrat, wobei der Glasfilm aus zumindest
einer aus der aus Quarzglas, Glas mit hchem Si-
liciumoxidgehalt, Borsilikatglas, Natrium-Calci-
umoxidglas und Oxynitridglas bestehenden
Gruppe ausgewahlten Substanz gebildet ist.

Verbundschichtsupraleiter nach einem der An-
spriiche 1 bis 4, bei dem das Substrat (11) aus zu-
mindest einem Einkristallmaterial ausgewéhit
aus MgO, Saphir (a-Al,O3), Spinell, SrTiO3, Sili-
cium, Siliciumverbindungen, GaAs und Ferrit ge-
bildet ist.

Verbundschichtsupraleiter nach einem der An-
spriiche 1 bis 4, bei dem das Substrat (11) aus zu-
mindest einem Porzellanmaterial ausgewéhlt aus
Aluminiumoxid MgO, ZrO,, Steatit, Forsterit, Be-
ryllium und Spinell gebildet ist.

Verbundschichtsupraleiter nach Anpruch 3, ver-
wendend ein Einkristall-(100)-Ebenen-oder-
(110)-Ebenen-MgO-Substrat (11).

Verbundschichtsupraleiter nach Anspruch 3 oder
4 verwendend ein Einkristall-R-Ebenen-Saphir-
substrat.

Verbundschichtsupraleiter nach Anspruch 3 oder
4 verwendend ein Einkristall-C-Ebenen-Saphir-
substrat.

Verbundschichtsupraleiter nach Anspruch 3 oder
4 verwendend ein Einkristall a-Ebenen-Saphir-
substrat.

Verbundschichtsupraleiter nach Anspruch 3 oder
4 verwendend ein Einkristall (111)-Ebenen-Spi-
nellsubstrat.

Verbundschichtsupraleiter nach Anspruch 3 oder
4, verwendend ein Einkristall (110)-Ebenen-Spi-
nellsubstrat.

Verbundschichtsupraleiter nach Anspruch 3 oder
4, verwendend ein Einkristall (100)-Ebenen-Spi-
nellsubstrat.

Verbundschichtsupraleiter nach Anspruch 3 oder
4, verwendend ein Einkristall (100)-Ebenen-oder
(110)-Ebenen-Strontiumtitanatsubstrat.

Verbundschichtsupraleiter nach einem der An-
spriiche 1 bis 4, verwendend ein Fasersubstrat.

Verbundschichtsupraleiter nach Anspruch 15, bei
dem das Fasersubstrat gebildet ist aus einer
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Glasfaser, Kohlefaser oder einer warmebestandi-
gen Metallfaser, wie etwa einer Faser aus Nb, Ti,
Ta oder rostfreiem Stahl.

Verbundschichtsupraleiter nach einem der An-
spriiche 1 bis 4, verwendend ein amorphes, fe-
stes Substrat (15).

Revendications

Couche composite supraconductrice compre-
nant un film d’oxyde (13) déposé sur un film mé-
tallique (12) formé sur un substrat (11), ledit oxy-
de contenant A, B et Cu, dans laquelle le rapport
molaire des éléments est défini par

A+B

0,5= T =25,

dans laquelle A est au moins un élément choisi
parmi Tl, Bi, Fb, Sc, Y et les lanthanides de nom-
bres atomiques compris entre 57 et 71, et B est
au moins un élément choisi parmi Ba, Sr, Ca, Be,
Ng et le radium, ledit film métallique étant cons-
titué d’'une matiére contenant au moins un élé-
ment de métal de transition choisi parmi Pt, Au,
Ag, Pd, Ni et Ti, al’exception d’une couche supra-
conductrice comprenant un film d’oxyde BiSrCa-
CuO ou TICaBaCuO déposé sur un film métalli-
que formé sur un substrat.

Couche composite supraconductrice selon la re-
vendication 1, dans laquelle un film métallique
supplémentaire est formé sur ledit film d’oxyde,
ou les films d’oxyde et les films métalliques sont
stratifiés alternativement pour former une struc-
ture multicouche.

Couche composite supraconductrice selon la re-
vendication 1 ou 2, dans laquelle la surface dudit
substrat (11) est revétue d’un film de verre (14).

Couche composite supraconductrice selon la re-
vendication 3, comprenant un substrat (11) revé-
tu d’un film de verre (14) composé d’au moins
une substance choisie parmi un verre de quartz,
un verre de silice supérieure, un verre de borosi-
licate, un verre soude-chaux et un verre d’oxyni-
trure.

Couche composite supraconductrice selon I'une
quelconque des revendications 1 a 4, dans la-
quelle le substrat (11) est composé d’au moins
une matiére monocristalline choisie parmi MgO,
le saphir (a-Al,O3), un spinelle, SrTiO3, le sili-
cium, les composés du silicium, GaAs et un ferri-
te.

Couche composite supraconductrice selon I'une
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quelconque des revendications 1 a 4, dans la-
quelle le substrat (11) est composé d’au moins
une matiére en porcelaine choisie parmi I'alumi-
ne, MgO, ZrO,, la stéatite, la forstérite, le béryl-
lium et un spinelle.

Couche compaosite supraconductrice selon la re-
vendication 3, mettant en ceuvre un substrat (11)
de MgO monocristallin & plan (100) ou a plan
(110).

Couche compaosite supraconductrice selon la re-
vendication 3 ou 4, mettant en oeuvre un substrat
de saphir monocristallin 4 plan R.

Couche compaosite supraconductrice selon la re-
vendication 3 ou 4, mettant en oeuvre un substrat
de saphir monocristallin a plan C.

Couche compaosite supraconductrice selon la re-
vendication 3 ou 4, mettant en oeuvre un substrat
de saphir monocristallin a plan a.

Couche compaosite supraconductrice selon la re-
vendication 3 ou 4, mettant en oeuvre un substrat
de spinelle monocristallin & plan (111).

Couche compaosite supraconductrice selon la re-
vendication 3 ou 4, mettant en oeuvre un substrat
de spinelle monocristallin & plan (110).

Couche compaosite supraconductrice selon la re-
vendication 3 ou 4, mettant en oeuvre un substrat
de spinelle monocristallin & plan (100).

Couche compaosite supraconductrice selon la re-
vendication 3 ou 4, mettant en oeuvre un substrat
de titanate de strontium monocristallin & plan
(100) ou a plan (110).

Couche composite supraconductrice selon 'une
quelconqgue des revendications 1 a 4, mettanten
oeuvre un substrat de fibre.

Couche compaosite supraconductrice selon la re-
vendication 15, dans laquelle le substrat de fibre
est constitué de fibre de verre, de fibre de carbo-
ne ou d’'une fibre métallique résistant a la chaleur
telle que la fibre de Nb, Ti, Ta ou d’acier inoxyda-
ble.

Couche composite supraconductrice selon 'une
quelconqgue des revendications 1 a 4, mettanten
oeuvre un substrat solide amorphe (15).
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